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(54) MAGNETO-OPTICAL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a magneto-optical device which is 

easy to manufacture by reducing the practically necessary number of layers, 
of which selection of a material for a dielectric substance film is easy, and 
besides, in which a large magneto-optical effect is well demonstrated over a 
wide wavelength region as in the conventional device by relatively 
increasing the number of layers not concerning magnetism. 
SOLUTION: A transparent magnetic layer 2 and a dielectric substance 
layer 3 having a refractive index different from that of the transparent 
magnetic layer 2 are paired to form a laminated structure. A pair of 
polarizers 6, 7, having their axes of polarization rotationally shifted to each 
other, are provided on both surfaces of a laminated structural body 5 
comprising plural pairs of the laminated structure continuously laminated 
on a transparent substrate 4. Thereby, it is sufficient to provide ≤l layer 
of the dielectric substance layer 3 with respect to one layer of the 
transparent magnetic layer 2. By enlarging the magneto-optical effect a 
picture with high contrast is obtained under a condition in which the 
selection of the material is easy, requiring a less number of layers. 
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CLAIMS 



[Claim(s)] . , ^ ■ a tu tu^ 

[Claim 11 A transparent magnetic layer and this transparent magnetic layer are a magneto-optics element equipped with the 
polarizer of the couple which makes both sides of this laminated-structure object that comes to carry out the laminating of two 
or more pairs of aforementioned laminated structures on a transparent substrate continuously by making into a couple a 
laminated structure with the dielectric layer from which a refractive index differs, and contains the aforementioned transparent 
substrate come to rotate a mutual polarization shaft. 

[Claim 2] A transparent magnetic layer and this transparent magnetic layer are a magneto-optics element ot this 
laminated-structure object that comes continuously to carry out the laminating of two or more pairs of aforementioned 
laminated structures on the substrate which has a reflective film by making into a couple a laminated structure with the 
dielectric layer from which a refractive index differs, and contains the aforementioned substrate which equips the optical 
incidence side with a polarizer at least. j , • , ■ u ♦u 

[Claim 3] The magneto-optics element according to claim 2 which equips the aforementioned polarizer lower layer by the 
side of optical incidence with a light-scattering layer. 

[Claim 4] The magneto-optics element according to claim 1 , 2, or 3 with which two or more pairs of aforementioned 
laminated structures are arranged symmetricallywith the direction of a laminating. 

[Claim 5] The aforememioned transparent magnetic layer is a magneto-optics element according to claim 1, 2, 3, or 4 which is 
the yttrium and rare earth iron garnet which are represented with general formula R3-x Ax Fe5-y By 012 (however, 0.2< x<2, 
0<=y<5, and A contain Bi or Ce). . . , • . i 

[Claim 6] The magneto-optics element according to claim 1, 2, 3, 4, or 5 which equips the aforementioned polarizer external 
surface with an antireflection film. . . , ■ j 

[Claim 7] The magneto-optics element according to claim 1, 2, 3, 4, 5, or 6 which equips the aforementioned substrate side 
external surface with the magnetic-head array which magnetizes the aforementioned transparent magnetic layer. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

FTheVechnical field to which invention belongs] this invention is suitable for the application to a display, especially, has the 
big magneto-optical effect in a light region, and relates to the high magneto-optics element of picture contrast. 

fSJiption of the Prior Art] Conventionally, the magnetic substance in which the magneto-optical effect (the Faraday effect 
or magnetooptic Kerr effect) is shown is used for a magneto-optic disk, and informational writing and reproduction of it are 
enabled In addition, a picture is written in using the magnetic head to this transparent magnetic layer using the transparent 
magnetic layer which shows the magneto-optical effect, and the application to the display on which a picture is displayed by 
the existence of Faraday rotation by making light irradiate is also considered. . 
[00031 The proposal it was made to increase the magneto-optical effect as a magneto-optics element about such an application 
by pinching a transparent magnetic layer by two dielectric multilayers (that to which the laminating of a high refractive-index 
film and the low refractive-index film was carried out by turns) is made by these people (for example, references, such as 
JP,11-30770,A). 

[Problem(s) to be Solved by the Invention] However, when based on such an example of a proposal, the following points are 

fo005l'"t^''arbe difficult 1 st for thermal resistance to be high, to have a moderate refractive index, and to choose two kinds 
of high dielectric films of transparency. That is, if it is in the former, and a rare earth iron garnet is used for a transparent 
magnetic layer and it will not heat at about 650 degrees C as a dielectric film for a long time although Si02 (refractive index 
n**l 46) Ti02 (refractive-index n**2.2-2.7), or Ta 205 (refractive index n**2.15) was used, for example, it does not 
crystallize 20Ta5 thin film is Ti02. Although it is strong with heat and about 550 degrees C does not change from a thm 
film at 650 degrees C, change arises in hard. Si02 Although it is still stronger with heat, it is 20Ta5 thin film to a low 
refractive-index film in the conventional high refractive-index film Si02 If a dielectric multilayer is formed using a thin film, 
transformation will be produced in 20Ta5 thin film in the case of heating for rare-earth-iron-garnet crystallization. 
[0006] In lamination, the number of layers without regards to magnetism will increase, and production cost wi 1 become [ 2nd 
1 high That is in the case of the above-mentioned example of a proposal, as film composition, a dielectric multilayer / 
transparent magnetic layer / dielectric multilayer is made into one pair, and two or more laminatings of such a pair are carried 
out A dielectric multilayer can be expressed like (LH) n(2Z) (HL) n(2Z) (LH) n by making n into an integer, if the lammatmg 
of a high refractive-index film (H) and the low refractive-index film (L) is carried out by turns and a transparent magnetic 
layer is expressed with Z. Therefore, as a dielectric film, three layers are required and six layers will be needed to 
transparence (magnetic layer Z) 1 layer, also for n= 1 as the sum total of a high refractive-index film (H) and a low 

refractive-index film (L). , . , . . n „j„ 

[0007] Then this invention decreases the number of layers which is making it increase relatively and actually needs the 
number of layers without regards to magnetism, and it is easy to produce it, and it aims at material selection of a dielectric 
film offering the magneto-optics element which may demonstrate the big magneto-optical effect over the latus wavelength 
range as usual to an easy top. 

[Ss for Solving the Problem] Invention according to claim I is equipped with the polarizer of the couple which makes it 
come to rotate a polarization shaft with a transparent magnetic layer and this transparent magnetic layer mutual to both sides 
of this laminated-structure object that comes to carry out the laminating of two or more pairs of aforenrientioned laminated 
structures on a transparent substrate continuously by making into a couple a laminated structure with the dielectric layer from 
which a refractive index differs, and contains the aforementioned transparent substrate. 

[0009] Therefore, that what is necessary is just to prepare the dielectric layer of one or less layer to the transparent magnetic 
layer of one layer, by the fewer number of layers, the magneto-optical effect is increased under a condition with the easy 
material selection, and the penetrated type display from which the high picture of contrast is acquired can be offered. 
[00101 Even if there are few these laminated-structure objects that a transparent magnetic layer and this trarisparent magnetic 
layer make a couple a laminated structure with the dielectric layer from which a refractive index differs, and invention 
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transmitted light, and ], since polarizers 6 and 7 cannot be passed by the nonrotation part. Although the angle of rotation of a 
polarization shaft for this is desirable when 90 degrees acquires big contrast, high contrast is acquired even if it is not 
necessarily 90 degrees. 

[0026] The form of operation of the second of this invention is explained based on drawing 2 . The same portion as the 
portion shown with the form of the first operation is shown using the same sign. With the form of this operation, the reflective 
film 10 is formed in one side of a substrate (it may not necessarily be transparent) 9, the laminated-structure object 1 1 to 
which the laminating of two or more pairs of laminated structures was carried out continuously is established on this reflective 
film 10, and it considers as the magneto-optics element 12 which comes to prepare a polarizer 6 in the optical incidence side 
of this laminated-structure object 1 1 . Also in such reflected type structure, by the same principle as the form of the first 
operation, contrast is acquired and it may function as a reflected type display. But since the path of light serves as double 
precision by round trip to the case of the penetrated type display structure of the form of the first operation in the case of the 
form of this operation, a setup of the angle of rotation corresponding to it is needed. 

[0027] as generalities - polarizer / {(GZ) n(ZG) n} m / reflective film/- a substrate - being able to express as a laminated 
structure, drawing 2 (a) shows the case of n= 1 and m= 1 moreover - if it is the case of the laminated structure which forms a 
polarizer in both-sides side - polarizer / {(GZ) n(ZG) n} m / polarizer / reflective film/- a substrate - it can express as a 
laminated structure 

[0028] In such reflected type structure, if it is referred to as m= 1 and the value of n is made to increase, although it increases, 
as for the Faraday-rotation angle, it turns out that thickness becomes thick and a light transmittance falls. It is made not to 
reduce a light transmittance here with both the forms of this operation at the same time it increases a Faraday-rotation angle 
here by making the value of n and m increase. In practice, these values of n and m have a good combination of 2 or about 3 
numeric value. 

[0029] When wavelength which a Faraday-rotation angle wants to increase is set to lambda, as for the thickness of the 
transparent magnetic layer 2, it is good to make it lambda/4n (for n to be the refractive index of the transparent magnetic layer 
2). Thereby, a big angle of rotation is obtained about the light of wavelength lambda. But in order to enable it to obtain a big 
angle of rotation also on long wave length or short wavelength a little rather than this wavelength, you may change slight 
thickness of the transparent magnetic layer 2. 

[0030] In addition, the thickness of the transparent magnetic layer 2 may produce the case of being inadequate, in a size with 
an absolute Faraday-rotation angle, when set as lambda/4n to the visible light wave length lambda. In this case, the 
laminated-structure object which makes [ two or more ] the value of the integers n and m in the general laminated structure 
{(GZ) n(ZG) n} m mentioned above, then sufficient (for example, if it repeats twice twice [ about ]) angle of rotation can be 
obtained. 

[0031] Moreover, when aiming at increase of the magneto-optical effect of the specific wavelength lambda, the thickness of 
dielectric layers 3 and 8 may be lambda/4n (n is the refractive index of dielectric layers 3 and 8). When it is going to obtain 
the big magneto-optical effect over the whole light region like this invention, it is necessary to take into consideration the 
combination of GZ, ZG, and 2Z. 

[0032] Moreover, a polarizer is used for visualizing as a picture the big Faraday-rotation angle acquired by the part by which 
the transparent magnetic layer 2 was magnetized. It is distinguished according to the purpose whether it is made only the 
polarizer 6 by the side of optical incidence or polarizers 6 and 7 are formed in both-sides side. Namely, what is necessary is to 
consider only as the polarizer 6 by the side of optical incidence, in thinking the luminosity of a picture as important, and just 
to use polarizers 6 and 7, in thinking contrast as important. 

[0033] In addition, it is desirable to equip with an antireflection film 13 the external surface of the polarizer 6 located in an 
optical incidence side in the form of operation of two for a start [ these ]. Moreover, if it is in a reflected type, it is desirable to 
equip with a light-scattering layer (not shown) the lower layer of a polarizer 6 located in an optical incidence side. 
[0034] Here, the material in the lamination in the form of operation of two, thickness, a process, etc. are explained for a start 
these ] that were mentioned above. 

[0035] First, the material used for dielectric layers 3 and 8 has the stable thermally [ transparently and ] good matter. For 
example, the oxide of a metal or a semimetal, a nitride, a chalcogen ghost, a fluoride, carbide, and such mixture can be used. 
Specifically, simple substances or such mixture, such as Si02, SiO, aluminum 203, Ge02 and Ta 205, Te02, Ti02, Mo03, 
W03 and Zr02, Si3N4, AIN, BN, TiN, ZnS and CdS, CdSe, ZnSe, ZnTe, and AgF, PbF2, MnF2, NiF2, SiC, can be used. 
What is necessary is just to choose one different kind from the refractive index of the transparent magnetic layer 2 from such 
material. The 5-200nm of thickness of the ranges of 5-30nm is preferably good. You may form a dielectric layer 3 and 8 self 
as two or more layer structure. Anyway, it is produced using various kinds of PVD and CVD. 
[0036] The dielectric film used for an antireflection film 13 as well as dielectric layers 3 and 8 can be chosen from an 
above-mentioned material. This antireflection film will become still more effective if it prepares not only in the upper surface 
(external surface) of a polarizer 6 but in both sides. 

[0037] As a reflective film 10, what mixed metals and these alloys, such as the mixture of a metal or a metallic oxide, a metal 
nitride, metal carbide, etc. and a metal, for example, aluminum, Cu, Au, Pt, Rh, Zr, Cr, Ta, Mo, Si, Pd, Hf, etc., these and Zr 
oxide. Si oxide. Si nitride, aluminum oxide, etc. can be used. Membranous formation is especially easy for aluminum, Au, Ta, 
those alloys, the alloy of aluminum, Hf, and Pd, etc., and it is desirable, thickness - the range of 10-300nm - the range of 
50-I50nm is preferably good Anyway, it is produced using various kinds of PVD and CVD. Moreover, this reflective film 10 
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centralizes the reflected light in the special direction, and it may make it legible, or it not only making it reflect regularly but 

may be processed so that the reflected light may be diffused and it may become legible about a picture more. 
[0038] In the transparent substrate 4, quartz glass, sapphire, crystallization transparent glass, a Pyrex glass, Inorganic 
transparent materials, such as aluminum 203, MgO, BeO and Zr02, Y203, and Th02, CaO, GGG (gadolinium gallium 
garnet) An aromatic-polyamide resin, an olefin MAREIDO copolymer, a polycarbonate, The transparence of ABS plastics, a 
polyarylate, the poly ape phon, a polyether ape phon, an epoxy resin, poly-4-methyl pentene-1, a fluorination polyimide, 
fluororesin, a phenoxy resin, a polyolefine system resin, etc. and heat-resistant high plastic film are used. Since there is an 
advantage [ it is light and ], such as being easy to bend, when transparent plastic film is used, it is easy to use. In addition, the 
substrate 9 in reflected type does not make transparency indispensable, as mentioned above, but it can use material suitably. 
[0039] As polarizers 6 and 7, the polarization film of various kinds of marketing, the high permeability polarizer which used 
the beam splitter can be used. When a polarization film is divided roughly, it has a multi-halogen polarization film, a color 
polarization film, a metal polarization film, etc. Although it has a property [ flat / field / light / at large ] / since the 
multi-halogen polarization film uses iodine for the dichroic matter, on the other hand, humidity, an elevated temperature, etc. 
have the fault of being weak. Although a color polarization film is inferior to iodine in polarizability, it has the feature that 
resistance is large, to heat, light, and humidity. Anyway, since a flaw tends to be attached, as for the front face (exposed 
surface) of polarizers 6 and 7, it is desirable to prepare a protective coat in fact. 

[0040] Moreover, as polarizers 6 and 7, various kinds of polarizers which are illustrated below can also be used. For example, 
as shown in JP,1-93702,A, by arranging the polarization layer containing many cylindrical elements which consist of a 
ferromagnetic particle in the fixed direction on a substrate fi-ont face, and carrying out fixing formation, manufacture is easy 
and there is a polarizing plate excellent in the optical property. Moreover, Tokyo University of Agriculture and Technology 
There is a wire grid polarizer indicated by Professor Katsuaki Sato work "physical 1 -light [ of a man of today ] and MAG" 
(1988 publication) pl03. From 2.5 micrometers, this is a polarizer to the light of long wavelength, and draws the line of gold 
or aluminum at a minute interval to transparent substrates (a silver bromide, polyethylene, etc.). If the interval of a line is set 
to d and wavelength is set to lambda, the transmitted light will use a bird clapper for the nearly perfect linearly polarized light 
with a plane of vibration perpendicular to a line to the wavelength light which becomes lambda»d. Moreover, there is a 
Poral core (tradename) by Corning, Inc. By on the other hand making ** arrange the metal silver made to extend for a long 
time in [ glass's ] an own one, this is glass which gave the polarization property and, unlike the conventional organic 
substance polarizing element, is very excellent in thermal resistance, moisture resistance, chemicals-proof nature, and the 
resistance over a laser beam. Moreover, there are some which are called a micro wire array, were made to carry out anodic 
oxidation of the front face of aluminum to infrared radiation, used as the alumina, made the detailed hole, put metals, such as 
nickel and Cu, into inside, and were used as the polarizer. Furthermore, there are some which are called a laminating type 
polarizer. This is germanium with a thickness of 60-80A and Si02 of 1 -micrometer thickness with the RF sputtering method 
for the lights. A laminating is carried out by turns and the whole thickness is produced as 60 micrometers. The extinction ratio 
measured on about 400 and the wavelength of 0.8 micrometers is 35dB, an insertion loss is 0. 1 8dB, and performance-index 
alpha TE/alpha TM (ratio of an extinction constant to a TE wave and a TM wave) measured on the wavelength of 0.6 
micrometers is enough to the light. Furthermore, the reflected type polarizer made from Sumitomo 3M, Inc. (it is the 
reflective type which produced the many layers thin film in piles, one of S polarization and the P polarization is reflected, and 
another side is passed) can also be used. 

[0041] Although it is good at the transparent magnetic material which shows the magneto-optical effect generally 
conventionally used as a material of the transparent magnetic layer 2, the so-called large magnetic material of a performance 
index with the large Faraday effect and large transparency is desirable. For example, the ultrafine particle film of 
ferromagnetic metals, such as Fe, Co, nickel, etc. which have a particle diameter 50nm or less, can be used. Oxygen, carbon, 
etc. are contained in film composition of those other than the ultra-fine particle in this case. Although ferromagnetic metals, 
such as Fe, Co, and nickel, show the big magneto-optical effect, and it was not used in a thin film as it is since the absorption 
of light was also large, when it is an ultrafine particle film, it has a big performance index. Moreover, suitable coercive force 
can be obtained by control of a particle diameter, others - oxides, such as a rare earth iron garnet, and a cobalt ferrite, Ba 
ferrite, FeB03, FeF3, and YFe03 and NdFe03 etc. - ultrafine particles, such as a big material of form birefringence, MnBi, 
MnCuBi, and PtCo, can also be used As a transparent magnetic layer 2 which has homogeneity and a big performance index 
over the whole light region as much as possible, the yttrium and rare earth iron garnet which are represented with general 
formula R3-x Ax Fe5-y By 012 (however, 0.2< x<2, 0<=y<5, and A contain Bi or Ce) are desirable. 
[0042] Since the biggest effect is acquired when the travelling direction of light and the direction of spin are parallel, as for 
these transparent magnetic materials, it is [ the magneto-optical effect ] desirable to form in the direction perpendicular to a 
film surface as a film which has a magnetic anisotropy. PVD, such as the general sputtering method, a vacuum deposition 
method, and MBE, CVD, plating, etc. can be used for production of such a transparent magnetic layer 2. 
[0043] Anyway, there is a wavelength dependency peculiar to material in the Faraday effect of these magnetic materials. 
Then, when using a magnetic material which was mentioned above, in consideration of the wavelength dependency, you have 
to determine the thickness (average thickness) of the transparent magnetic layer 2. 
[0044] A commercial light-scattering sheet (diffusion sheet) can be used for an optical diffusion layer. 
[0045] 

[Example] Hereafter, it explains with the examples 1 and 2 of comparison by making into examples 1-6 the concrete example 
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of composition based on the form of operation mentioned above. 

[0046] A <example 1> this example corresponds to claims 1, 4, 5, and 6. 0. Use the sputtering method on the quartz substrate 
(transparent substrate 4) of 5mm **, and it is Si02. Subsequently to a it top, it is Bi substitution rare-earth-iron-garnet film 
(n= 2.05) (transparent magnetic layer 2) further 126nm 88nm about a film (refractive index n= 1 .47) (dielectric layer 3) Si02 
The film (dielectric layer 8) was produced by each 88nm thickness. The three-layer laminated structure of such the transparent 
magnetic layer 2 and dielectric layers 3 and 8 was made into one pair, and the laminated-structure object 5 of a total of nine 
layers was produced by part for three pairs. Substrate temperature was [ both 200 W and the gas pressure of 300 degrees C and 
injection power ] 7.0Pa (Ar:0 2 = 9:1). A film production rate is Si02. In the case of 2 nm/s and Bi substitution 
rare-earth-iron-gamet film, it considered as 0.5 nm/s at the case. The differences between the place where a thickness 
distribution of each film is the thickest, and a thin place were 3% of all thickness. Whenever Bi substitution 
rare-earth-iron-gamet film on this quartz substrate produced the film, among air, at 650 degrees C, it heated for 3 hours and it 
was crystallized. Membranous composition was Bi2.2Dy0.8Fe3.8aluminum 1.2012. Then, it was I9nm when asked for the 
half-value width of a peak (wavelength of 520nm) from the wavelength dependency of the Faraday-rotation angle measured 
by the magneto-optical-effect measuring device (Japan a spectrum the incorporated company make K250, 2mm angle of beam 
diameters). The Faraday-rotation angle of a peak was 22 degrees. The coercive force which impressed the magnetic field at 
right angles to a film surface, and measured it by VSM was 550Oe(s). 

[0047] Then, Si02 / (95nm of thickness) Ti02 (I lOnm of thickness) was repeated twice on one side of a commercial film 
polarizer (polarizer 6), the film was produced on it, and it considered as the antireflection film 13 at it. The light transmittance 
of a light region increased about 3% as compared with the case where this antireflection film does not exist. 
[0048] The above laminated-structure object was inserted with the film polarizer containing the film polarizer (polarizer 7) of 
one more sheet of two sheets, and the character was written with the magnetic pen which the upper shell permanent magnet 
(surface flux density 3k gausses) of the film polarizer by the side of optical incidence attached. When the polarization shaft of 
the film polarizer of two sheets was rotated slowly, the character written with the magnetic pen was displayed and the contrast 
of the picture portion was 4.4. 

[0049] A <example 2> this example also corresponds to claims 1, 4, 5, and 6. 0. Use the sputtering method on the quartz 
substrate (transparent substrate 4) of 5mm **, and, subsequently it is Si02 63nm to the beginning about Bi substitution 
rare-earth-iron-garnet film (n= 2.05) (transparent magnetic layer 2). The film (refractive index n= 1 .47) (dielectric layer 3) 
was produced by each 88nm thickness. The two-layer laminated structure of such the transparent magnetic layer 2 and a 
dielectric layer 3 was made into one pair, and the laminated-structure object 5 of a total of four layers was produced by part 
for two pairs. Furthermore, Bi substitution rare-earth-iron-garnet film (transparent magnetic layer 2) was produced by 126nm 
thickness on it, on it, the two-layer laminated structure of the above-mentioned transparent magnetic layer 2 and a dielectric 
layer 3 was made into one pair, and the laminated-structure object 5 of a total of four layers was produced by part for two 
pairs. However, it is reverse and the order of a laminating is Si02. The film was made into the point. Therefore, the best layer 
serves as Bi substitution rare-earth-iron-garnet film, and is arranged symmetrically with the direction of a laminating centering 
on Bi substitution rare-earth-iron-gamet film of 126nm thickness. 

[0050] Film production conditions, such as substrate temperature, injection power, gas pressure, and a film production rate, 
are completely the same as the case of an example 1 . 

[0051] Whenever Bi substitution rare-earth-iron-garnet film on this quartz substrate produced the film, among air, at 650 
degrees C, it heated for 3 hours and it was crystallized. It was 34nm when asked for the half-value width of a peak 
(wavelength of 520nm) from the wavelength dependency of a Faraday-rotation angle. The Faraday-rotation angle of a peak 
was 20 degrees. The coercive force which impressed the magnetic field at right angles to a film surface, and measured it by 
VSM was 590Oe(s). 

[0052] The above laminated-structure object was inserted with the film polarizer (polarizers 6 and 7) of two sheets, as shown 
in drawing 1 (b), and the character was written with the magnetic pen which the upper shell permanent magnet (surface flux 
density 3k gausses) of the film polarizer by the side of optical incidence attached. When the polarization shaft of the film 
polarizer of two sheets was rotated slowly, the character written with the magnetic pen was displayed and the contrast of the 
picture portion was 3.8. 

[0053] Bi substitution rare-earth-iron-garnet film of 378nm of thickness (equal to the thickness of the whole 126x3= example 

1) was produced, heated and crystallized on the quartz substrate like the case of the <example 1 of comparison> example 1 . 
On the wavelength of 520nm, it was the Faraday-rotation angle of 2.6 degrees, and was what is only about 1 of example I/IO. 
And although considered as the structure which sandwiched both sides with the film polarizer of two sheets, the character 
written with the magnetic pen cannot be viewed. 

[0054] Bi substitution rare-earth-iron-gamet film of 630nm of thickness (equal to the thickness of the whole 126x5= example 

2) was produced, heated and crystallized on the quartz substrate like the case of the <example 2 of comparison> example 2. 
On the wavelength of 520nm, it was the Faraday-rotation angle of 4.4 degrees, and was what is only 1/5 of an example 1 . And 
although considered as the structure which sandwiched both sides with the film polarizer of two sheets, the character written 
with the magnetic pen cannot be viewed. 

[0055] A <example 3> this example corresponds to a claim 2. 0. On the quartz substrate (substrate 9) of 5mm **, the vacuum 
deposition method was used and the reflective film 10 of aluminum was formed by 3000A thickness. When it removed having 
used the substrate 9 with reflective film 10, and having not stuck a polarizer 7 on a substrate 9, the reflected type 
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magneto-optics element 12 was produced completely like the conditions of an example 1 . On the wavelength of 520nm, since 
it becomes double precision in case an optical path is an example 1 by reflection, as for the Faraday-rotation angle of the 
reflected light, 40 degrees is obtained. The contrast of the character written with the magnetic pen was 7.2, 
[0056] A <example 4> this example also corresponds to a claim 2. 0. On the quartz substrate (substrate 9) of 5mm **, the 
vacuum deposition method was used and the reflective film 10 of aluminum was formed by 3000A thickness. When it 
removed having used the substrate 9 with reflective film 10, and having not stuck a polarizer 7 on a substrate 9, the reflected 
type magneto-optics element 12 was produced completely like the conditions of an example 2 (structure like drawing 2 (b)). 
On the wavelength of 520nm, since it becomes double precision in case an optical path is an example 2 by reflection, as for 
the Faraday-rotation angle of the reflected light, 34 degrees is obtained. The contrast of the character written with the 
magnetic pen was 6.6. 

[0057] A <example 5> this example corresponds to a claim 7. In this example, it is made to magnetize the transparent 
magnetic layer 2 by the magnetic-head array 2 1 as shown in drawing 3 . First, the magnetic-head array 2 1 for these image 
recording divided two lines into the 1st train A and 2nd train A' and A and produced them with non-electric-field plating so 
that it might become the overall length of about 50mm about the circular coil 22 of copper wire in p= 150 micrometers of"^ 
pitches. Width of face of copper wire was made into three layers in about 5 micrometers and a depth of about 10 micrometers, 
and the number of turns of a coil 22 were considered as 12 turns in total. The polyimide was used for the insulating layer 23. ' 
The core 24 according to a permalloy (nickel80%) in the center of a coil 22 was formed in the shape of an array on the 
polyimide substrate 25 by the electroplating method, as magnetic flux was centralized in the shape of a pillar. 
[0058] Thus, the reflected type magneto-optics element 12 produced in the examples 3 and 4 mentioned above on the 
produced magnetic-head array 21 was arranged, the state - first ~ the coil 22 of the 1st train (A train) - every one - order - 
about 100mA current ~ 10 - it passed by a unit of m second Subsequently, after moving so that the 1st train (A train) may 
agree in the coil 22 of the 2nd train (A', A" train), current was passed and printed similarly. In this case, the surface magnetic 
field strength in the center of a coil 22 was 1660 gausses. In the case of the magneto-optics element 12 of operation train 3 
type, in the case of the magneto-optics element 12 of 5.6 and example 4 type, picture contrast was 6.3. Thus, by using the 
magnetic-head array 21 for the magnetization to the transparent magnetic layer 2, a digital image with resolution higher than 
the case where a magnetic pen is used is obtained. And by moving a permanent magnet along with the magneto-optics element 
12, a picture can be eliminated easily and can be re-recorded. 

[0059] A <example 6> this example corresponds to a claim 3. In this example, the light-scattering layer by the commercial 
light-scattering film is prepared in the lower layer (substrate 10 side) of the polarizer 6 by the side of the optical incidence of 
the reflected type magneto-optics element 12 produced in the examples 3 and 4. Others are the same as the case of examples 3 
and 4. As compared with the case where it does not have a light-scattering layer, the picture recorded by the magnetic pen or 
the magnetic-head array 21 does not have the specular reflection of light, and becomes clearer 
[0060] 

[Efffect of the Invention] According to invention according to claim 1, a transparent magnetic layer and this transparent 
magnetic layer make a couple a laminated structure with the dielectric layer from which a refractive index differs. By having 
the polarizer of the couple which makes both sides of this laminated-structure object that comes to carry out the laminating of 
two or more pairs of laminated structures on a transparent substrate continuously, and contains a transparent substrate come to 
rotate a mutual polarization shaft That what is necessary is just to prepare the dielectric layer of one or less layer to the 
transparent magnetic layer of one layer, by the fewer number of layers, the magneto-optical effect is increased under a 
condition with the easy material selection, and the penetrated type display from which the high picture of contrast is acquired 
can be offered. 

[0061] According to invention according to claim 2, a transparent magnetic layer and this transparent magnetic layer make a 
couple a laminated structure with the dielectric layer from which a refractive index differs. By the thing of this 
laminated-structure object that comes continuously to carry out the laminating of two or more pairs of laminated structures on 
the substrate which has a reflective film, and contains a substrate for which the optical incidence side is equipped with a 
polarizer at least The reflected type display on which the high picture of contrast is acquired, without increasing the 
magneto-optical effect and using a back light etc. for the bottom of a condition with the easy material selection by the fewer 
number of layers that what is necessary is just to prepare the dielectric layer of one or less layer to the transparent magnetic 
layer of one layer can be offered. 

[0062] According to invention according to claim 3, when a reflected type display is constituted, by having a light-scattering 
layer, specular reflection can be suppressed, a viewing angle can be extended and a legible picture can be offered. 
[0063] According to invention according to claim 4, by making the laminated structure which makes a pair by the transparent 
magnetic layer and the dielectric layer arrange symmetrically with the direction of a laminating, the bigger magneto-optical 
effect can be obtained and the high picture of contrast can be offered. 

[0064] According to invention according to claim 5, the bright high picture of contrast can be acquired by using the big 
yttrium and big rare earth iron garnet of a performance index in a large visible region as a transparent magnetic layer. 
[0065] According to invention according to claim 6, by equipping polarizer external surface with an antireflection film, the 
amount of incident lights to a transparent magnetic layer is increased, and a brighter picture can be acquired. 
[0066] According to invention according to claim 7, image display by the digital signal can be made possible by equipping 
substrate side external surface with the magnetic-head array which magnetizes a transparent magnetic layer. 
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[Translation done.] 



